Background: Limited literature exists regarding the influence of rotator cuff tear morphology on patient outcomes.
The outcomes of rotator cuff repair have been studied extensively. The classification and descriptions of rotator cuff tears date back to 1944 when McLaughlin 11 described 3 groups of tears: transverse ruptures, vertical splits, and retracted tears. Although this system never gained great popularity, it was the basis for the geometric classification that is commonly used today by surgeons describing tears in 4 main patterns: crescent, U-shaped, L-shaped, and massive, contracted immobile tears. 5 The crescent tear has a medial-to-lateral length that is less than the anterior-toposterior width and usually good medial-to-lateral mobility that can be repaired directly to bone. The U-shaped tear extends farther medial than the crescent tear, with its apex more medial, often adjacent to the glenoid rim. These tears are long and narrow, with the medial-to-lateral depth being greater than the anterior-to-posterior width. These tears are sometimes repaired with margin convergence or "sideto-side" sutures to reduce tension before the repair to bone. 3 The L-shaped tear is similar to the U-shaped tear; however, one side of the tear is more mobile than the other and thus easier to bring to bone. The apex of the "L" is identified, and the longitudinal split is often sutured in a side-to-side fashion. The fourth tear type commonly described is the massive, contracted immobile tear, which is usually not amenable to repair because of a lack of medial-to-lateral mobility. It is estimated that over 90% of rotator cuff tears fall within the first 3 categories, 3, 16 with crescent and U-shaped tears being the most common.
The ability to reproducibly classify rotator cuff tear shapes at the time of arthroscopic surgery allows for consistency in communication between physicians as well as predictability in tracking outcomes. While there have been studies evaluating the different biomechanical properties associated with tear patterns, 17 very little evidence correlates the tear pattern with clinical outcomes. 15 The objective of this study was to determine the influence of rotator cuff tear pattern on patient-reported outcomes after rotator cuff repair. Our hypothesis was that patients with crescent tears would show more favorable outcome scores after rotator cuff repair compared with patients with U-and L-shaped tears.
METHODS
After institutional review board approval, patients undergoing arthroscopic repair of a full-thickness rotator cuff tear were observed prospectively from baseline and at multiple time points to 1 year. The Western Ontario Rotator Cuff Index (WORC), American Shoulder and Elbow Surgeons (ASES), and visual analog scale (VAS) for pain scores were obtained at each time point. Baseline demographic data were collected, including a number of variables pertinent to patients with rotator cuff tears (age, sex, tear size, smoking, diabetes). The rotator cuff tear size was recorded from preoperative magnetic resonance imaging studies. The cuff tear index (CTI) was calculated according to previous descriptions by multiplying the anteroposterior dimension of the tear by the mediolateral dimension. 21 The CTI functions to provide a comparison between patients of the total area of the rotator cuff tear and has been reliable in previous studies comparing all types of tears. 20, 21 All patients who underwent arthroscopic posterosuperior rotator cuff repair with at least 1-year follow-up were included in the study population. Exclusion criteria included open rotator cuff repair, subscapularis repair, massive rotator cuff tears with only partial repair, debridement without repair of a massive or partial-thickness tear, concomitant labral repair at the time of rotator cuff repair, and unavailability of images for review when the tear pattern was not clearly defined in the operative report.
Classification of Rotator Cuff Tear Pattern
The rotator cuff tear pattern was classified by the surgeon at the time of repair on the basis of the arthroscopic characteristics of the tear as crescent, U-shaped, or L-shaped, as previously described. 3, 5 The 3 groups were created based on documentation of the tear pattern in the operative report. For the 27 patients whose tear pattern was not clearly defined in the operative report, the arthroscopic images were reviewed independently by 2 orthopaedic surgeons (S.W. and A.B.) to classify the tear into one of the 3 groups.
Interobserver reliability was recorded and demonstrated agreement in the classification of tear types in all 27 patients (100%). Only posterosuperior (supraspinatus and/or infraspinatus) rotator cuff repairs that clearly fit into one of the above 3 categories were included in the present study. Reverse, or anterior L-shaped, tears were excluded because of their small number (7 patients).
Patients who had undergone subscapularis repair in addition to the posterosuperior repair were excluded.
Surgical Repair
All arthroscopic rotator cuff repairs were performed by one of 3 fellowship-trained shoulder surgeons at our institution and included subacromial decompression in all cases. The mean time to surgery was 8.9 weeks from study enrollment. The repair technique utilized was at the discretion of the surgeon based on the characteristics of the tear in each individual case. Repair to bone was carried out only after adequate mobilization and temporary reduction of the rotator cuff tissue demonstrated adequate mobility of the tear without excessive tension.
Once the decision to proceed with repair was made, the anatomic footprint of the rotator cuff was debrided of all soft tissue and gently decorticated in preparation for anchor placement. When indicated at the discretion of the surgeon, single-row repair consisted of a single row of anchors (PITON; Tornier and Corkscrew; Arthrex) placed in the rotator cuff footprint and a combination of simple and horizontal mattress sutures with arthroscopic knots tied to repair the rotator cuff tissue to the tuberosity. All doublerow techniques were transosseous-equivalent repairs with knotless Arthrex or Smith & Nephew anchors in the lateral row. In this repair technique, mattress sutures were tied at the medial row, and a suture limb from each medial anchor was applied to the anterior and posterior lateral-row implants in a crossing pattern, or a speed-bridge technique was utilized with FiberTape (Arthrex) and a knotless mattress configuration medially crossed to 2 knotless lateral anchors. When indicated, margin convergence, or "side-toside" sutures, was utilized to decrease the gap and tension in the longitudinal portion of the tear and facilitate the repair to bone. All repairs included in the study were repaired to bone with anchors.
All patients were immobilized in an abduction sling for 4 weeks (UltraSling III AB 45; DJO Global), after which a standardized, supervised physical therapy protocol was initiated. The postoperative protocol was standardized based on the tear size: small (<1 cm), medium (1-3 cm), large (3-5 cm), and massive (>5 cm). For the first 4 weeks after surgery, patients were instructed to remove the abduction sling only for daily bathing and dressing needs and to include a daily home exercise program consisting of gentle passive range of motion in the scapular plane as well as pendulums. The rehabilitation protocol included passive range of motion from weeks 4 to 6, with active and activeassisted range of motion thereafter. The sling was discontinued after 4 to 6 weeks. A focused strengthening program was initiated at 12 weeks.
Outcome Measures
The primary outcome measures were the WORC, ASES, and VAS for pain. The total possible raw WORC score is 2100, with higher scores indicating worse symptoms and function. The WORC has been proven to be valid, reliable, and responsive. 8, 10 The ASES is divided into 3 domains:
pain, instability, and activities of daily living, with higher scores indicating better function on a 100-point scale. Construct validity, internal consistency, and reliability of the score have been shown to be good. 1, 9, 12 Pain intensity was indicated via a 100-point VAS, with higher scores indicating greater pain.
Statistical Analysis
Descriptive and inferential statistical analyses were conducted using SPSS v22.0 (IBM). Differences in baseline data for between-group comparisons were obtained using univariate analysis of variance (ANOVA) for continuous data and the chi-square test for categorical data. Data are presented as the mean ± SD or a percentage within groups. A mixed linear regression model was used, with tear pattern employed as the primary predictor and surgeon as a random variable and adjusting for covariates. Covariates included demographic and clinical variables known to influence outcomes, including age, sex, body mass index, cause of injury, tear size, CTI, dominant side, duration of symptoms, diabetes, and smoking.
Three models were created, with the change in scores from baseline to 1 year for the ASES, VAS for pain, and WORC as the primary outcome while adjusting for demographic, clinical, and tear morphology variables. ANOVA was used to evaluate the 3 outcome measures in the 3 tear pattern groups as well. An independent t test was employed to evaluate the effect of single-and double-row repair and side-to-side suture techniques in the population as a whole and within the groups. An a priori power and sample size analysis using a moderate effect size estimate yielded a requirement of 78 patients for a power of 0.80 at 95% CI.
RESULTS
Patients were excluded from the study cohort for the following indications: subscapularis repair either in isolation or during posterosuperior rotator cuff repair (n ¼ 16), debridement without repair of a partial-thickness tear or a massive irreparable tear (n ¼ 13), simultaneous labral repair (n ¼ 1), open rotator cuff repair (n ¼ 1), partial repair of a massive tear (n ¼ 3), or unavailable images for review when the tear pattern was not clearly defined in the operative report (n ¼ 2). As mentioned above, the reverse or anterior L-shaped group had only 7 patients and was not included in the analysis. These exclusions from the original study population of 128 patients resulted in 85 patients included in this study cohort (Figure 1 ). Three patients were lost to follow-up without 1-year outcome scores available, leaving 82 of the 85 eligible patients to be included in the analysis at 1-year follow-up (96%). With regard to patient age, sex, dominant side of surgery, diabetes, and smoking, the 3 groups were evenly distributed (Table 1) .
Using univariate ANOVA with a post hoc test, the mean CTI, representing tear size, was significantly greater in the L-shaped group than in the crescent group (P ¼ .016). While the mean CTI was larger in the L-shaped group compared with the U-shaped group (4.9 vs 3.7, respectively), this did not reach significance. Although the mean CTI was larger in the L-shaped group, based on chi-square analysis, the categorical distribution (small, medium, large) of tear sizes was not significantly different among the groups (P ¼ .10). There was no significant difference in WORC (P ¼ .50), ASES (P ¼ .95), or VAS (P ¼ .17) scores among the 3 groups at baseline. The L-shaped group had the lowest baseline scores, and the U-shaped group had the highest in all 3 measures, although these were not significant. Table 1 shows the baseline patient demographics, rotator cuff tear characteristics, and WORC, ASES, and VAS scores for each of the 3 groups.
All 3 groups showed statistically significant improvement in all 3 outcome measures at 1 year. Using a mixed linear regression model with tear pattern as the predictor for outcomes, there was no predictive effect of tear pattern on clinical outcomes. With the U-shaped group set as the reference, the P values of the crescent group for the WORC (P ¼ .45), ASES (P ¼ .62), and VAS (P ¼ .96) failed to reach significance. Similar results were seen in the L-shaped group for the WORC (P ¼ .76), ASES (P ¼ .63), and VAS (P ¼ .41). Tear size, surgeon, and tear pattern were evaluated as independent variables to ensure that these factors did not influence outcomes. None of these were found to be predictive of outcome scores in the model. Male sex and diabetes were predictors of less improvement in ASES and WORC scores from baseline to 1-year follow-up. These results are displayed in Table 2 .
Further ANOVA between the 3 tear pattern groups failed to show any significant difference in the change in outcome scores from baseline to 1 year for the WORC (F 2,81 ¼ 0.420, P ¼ .96), ASES (F 2,81 ¼ 0.347, P ¼ .71), or VAS (F 2,81 ¼ 0.149, P ¼ .86). The L-shaped group showed the greatest improvement in both the WORC and VAS scores at 1-year follow-up, whereas the crescent group had the greatest improvement in the ASES score, but neither reached significance. These results are displayed in Table 3 .
No significant difference was found in the population as a whole when comparing single-versus double-row repair for the ASES (P ¼ .47), WORC (P ¼ .48), or VAS (P ¼ .26). When comparing outcomes within the 3 groups for singleversus double-row repair, L-shaped tears that were repaired with the single-row technique showed significantly greater improvement in the WORC (P ¼ .02) and VAS (P ¼ .04) scores but not the ASES score (P ¼ .15). No significant differences were found between single-and double-row repair when comparing the 2 techniques within the crescent and U-shaped groups. Moreover, 64% of the crescent group underwent double-row repair (28 patients vs 16 for single row), 57% of the U-shaped group underwent double-row repair (12 patients vs 9 for single row), and 65% of the L-shaped group underwent double-row repair (11 patients vs 6 for single row). The side-to-side, or "margin convergence," repair technique did not have a significant effect on the WORC (P ¼ .96), ASES (P ¼ .96), or VAS (P ¼ .66) scores of the population as a whole at 1 year. Additionally, no significant difference in outcome scores was found within the crescent, U-shaped, or L-shaped groups when comparing the side-to-side suture technique with those who were simply repaired to bone. These results are also displayed in Table 4 .
DISCUSSION
While there has been extensive research on outcomes after rotator cuff repair, very little evidence exists on the influence of tear pattern on functional outcomes. This is the first study, to our knowledge, comparing the clinical outcomes of 3 major rotator cuff tear types after arthroscopic repair. The results did not support our hypothesis that crescent tears would have improved outcomes compared with L-and U-shaped tears. Tear pattern was not found to be a significant predictor of functional outcomes at 1-year follow-up. Our study controlled for tear size, surgeon, and other factors known to influence outcomes by using a mixed linear regression model to isolate the tear pattern as the primary variable influencing the statistical results. This model isolated tear size, surgeon, and other possible confounding variables as independent predictors as well, making us confident in the results. Park et al 15 retrospectively evaluated the results of large rotator cuff tears divided into "mobile" (crescent and L-shaped) and U-shaped tears. Their study failed to find a difference between the groups in clinical outcome scores or retear rates. While we found similar results with no difference in outcomes among tear types, there are several key differences that distinguish our study from theirs. Our study is more generalizable and clinically applicable in the respect that it includes 3 distinct groups and all sizes of tears. Park et al 15 evaluated only large (3-5 cm) rotator cuff tears and excluded repairs that had margin convergence.
While some authors have cautioned against the use of side-to-side sutures in U-shaped tears, 6, 13, 19 others have shown it to be an effective repair technique to decrease tension and gap formation in U-and L-shaped tears. They propose that omitting the side-to-side sutures results in excess tension on the repair site and potentially results in a high incidence of failure. 3, 7, 14 In our U-shaped group, only 3 of 21 tears had side-to-side sutures employed, and this group still showed similar improvement to the other groups at 1-year follow-up. The Park et al 15 study was not designed to detect a difference in the 2 techniques of repair of the mobile leaflet versus the margin convergence method. Although the present study was not designed to compare the 2 techniques, we also did not find a significant difference in outcome scores in patients who had side-to-side sutures as a component of their repair in any of the 3 groups or in the population as a whole. Burkhart et al 2 did not find a significant difference in the outcomes of 2 groups: crescent tears repaired directly to bone and U-shaped tears repaired by margin convergence with little or no mobilization. Their group of margin convergence was split between isolated side-to-side sutures and those combining anchors into the repair site to bone. Burkhart et al 2 included much more variability in the repair technique compared with our study, as all techniques included in our study ultimately consisted of repair to bone using anchors. However, we also did not find a significant difference in outcomes within our crescent, L-shaped, or U-shaped groups when comparing side-to-side sutures combined with suture anchors and suture anchor-to-bone repair techniques.
Although our study was not designed to evaluate singleversus double-row repair, there was no significant difference in the outcomes of the groups when the 2 techniques were compared overall in the population, which is consistent with previous systematic reviews and meta-analyses. 4, 18 When the 2 techniques were compared within the tear pattern groups, there was no difference in the crescent and U-shaped groups between single-and double-row repairs. However, patients with an L-shaped tear that was repaired with a single-row technique showed significantly more favorable outcomes at 1 year for the WORC (P ¼ .02) and VAS (P ¼ .04) compared with those repaired with a double row of anchors. Interestingly, the mean CTI was larger in the patients who underwent single-row repair compared with the patients in whom the double-row technique was utilized (6.6 vs 3.7, respectively).
We are not aware of another study evaluating the outcomes of single-and double-row repairs in different tear patterns. These results suggest that L-shaped tears have better outcomes when they are repaired to bone with a single-row repair technique, whether margin convergence sutures are employed or not. While there is no clear answer, one theory based on our results may be that these tears are overtensioned with an attempted double-row repair. We acknowledge that the sample of only 17 patients in our Lshaped group is insufficient to draw definitive conclusions, and further studies with larger numbers are needed to delineate if one repair technique is superior in certain tear patterns.
One limitation of this study is a component of subjectivity in the classification of tears. Not all tears were classified clearly at the time of surgery, with 27 tears being classified retrospectively by 2 independent reviewers. While we acknowledge that there could be errors in classifying these tears, these categories are clearly defined, and interobserver reliability demonstrated perfect agreement, with the same classification selected in all 27 tears. The absence of tear size measured intraoperatively is another limitation but was not documented in all cases, so tear size on preoperative magnetic resonance imaging was used to calculate the CTI in our study. Other possible concerns are that the repair technique was not standardized, and there was variability in rehabilitation protocols. Rehabilitation protocols were standardized based on tear size and applied across all 3 groups, not specific to the tear type.
While the data analysis may have been more straightforward if a single repair technique had been used for each tear type, the results are more generalizable to the practicing surgeon. Multiple factors in repairing these tears were evaluated, and only the single-row repair of L-shaped tears showed significantly more favorable outcomes. Single-or double-row repair and side-to-side sutures did not affect outcomes in the population as a whole. This suggests that standardizing the repair technique would not have affected the findings. We also acknowledge that the tear pattern groups may be underpowered to detect a difference dependent on repair technique within the groups.
Three surgeons participated in this study, and the statistical model controlled for surgeon as a variable, which again makes the results more generalizable. Patientreported outcome measures were chosen to evaluate the effects of tear pattern on outcomes in this study, but follow-up imaging to evaluate the healing of these repairs may be of value to further investigate the effect of tear pattern and repair characteristics on rotator cuff healing. The lack of postoperative imaging to evaluate the healing of repairs in this study is acknowledged as a limitation of this study and may limit the interpretation of our results to an extent. Repairs that did not heal may confound the patientreported outcomes in each group, which we cannot fully identify with our study design dependent solely on patient-reported outcome measures.
CONCLUSION
This study revealed that tear pattern was not a significant predictor of patient-reported outcomes after arthroscopic rotator cuff repair. L-shaped tears demonstrated more favorable VAS for pain and WORC scores at 1 year when repaired with a single-row technique. Rotator cuff tear pattern does not appear to have a significant influence on patient outcomes after rotator cuff repair.
